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DifferencesAmongParentalBreedsinGermplasmUtilizationProject
Introduction
KeithE.Gregory,LarryV.Cundiff,RobertM.Koch,andDonaldD.Lunstra'
Largedifferencesexistamongbreedsfor mostbioeco-
nomictraits. These differencesare the resultof different
selectiongoals in differentbreeds. Thus, overtime,large
genetic differences have accumulatedamong breeds.
Results fromthe GermplasmEvaluationProgramat the
U.S. MeatAnimalResearchCenterprovideevidencethat
geneticvariationbetweenbreedsis of similarmagnitudeto
geneticvariationwithinbreedsformanybioeconomictraits.
However,the heritabilityof breeddifferencesapproaches
100%,whereas,theheritabilityof differenceswithinbreeds
for majorbioeconomictraitsvariesfrom less than 10%to
about50%dependingon thetrait. Heritabilityof breeddif-
ferencesapproaches100%becauseestimatesofbreeddif-
ferencesarebasedonthemeansof a largenumberof indi-
vidualsfroma representativesample. This tendsto aver-
agewithinbreedvariation.Estimatesofheritabilityofdiffer-
enceswithinbreedsaregenerallybasedon a singleobser-
vationof individualsfor a specifictrait. Thus, selection
amongbreedsis muchmoreeffectivethanselectionwithin
breeds. Breed differencesin bioeconomictraits are an
importantgeneticresourceandcanbe usedto achieveand
maintainperformancelevelsthatare optimumfor different
production-marketingsituations for such traits as: (1)
growthrateandsize, (2) milkproduction,(3)carcasscom-
position,(4) age at puberty,and (5) climaticand nutritive
adaptability.Largebreeddifferencesexistfor thesetraits
andbreeddifferencesmaybe usedtoachieveandmaintain
optimumadditivegenetic(breed)compositionthroughthe
formationof compositebreedsor throughtheuseof specific
crossbreedingsystems.
Procedure
The resultspresentedondifferencesamongbreedgroup
meansare fromthe GermplasmUtilizationProject. The
proceduresof thisexperimentincludinganalysisof dataare
presentedin the paper, "GermplasmUtilizationin Beef
Cattle"inthisreport.
The numberofanimalsineachbreedgroupbornineach
yearis presentedinTable1. Adjustmentfactorsforageof
damto a matureequivalentbasis (5 or moreyr) for each
breedgroupare presentedfor eachsex forgrowthtraitsin
Table2.
Results
DifferencesAmongParentalBreedsforGrowthTraits
(MalesandFemales)
Differences among parental breeds reported here
includethesumof theadditivedirectandadditivematernal
geneticeffects(Gi+Gm). The effectsof breedgroupwere
important(P <.01)forall growthtraitsevaluatedin females
(Table3) and in males(Table4). Age of damadjustment
factorsto a maturebasis (5 or moreyr) for birthweight,
preweaningaveragedailygain,and postweaningaverage
'Gregory is a research geneticist, Genetics and Breeding Research
Unit, MARC; Cundiff is the research leader, Genetics and Breeding
Research Unit,MARC; Koch IS a professoremeritusof animalscience,
Universityof Nebraska-Uncaln;and Lunstra is a researchphysiologist,
ReproductionResearchUnit,MARC.
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dailygainforeachsexandeachbreedgrouparepresented
inTable2. Forweightspresentedinthisstudy,valueswere
adjustedto a meanageofdamof3.5yr; (Le.,2- 3- 4-, 5 or
moreyr).
The approximatedifferencesbetweenmeans,ofparental
breedsandofallbreedgroups,requiredforsignificanceare
presentedinTables3 and4 forfemalesandmales,respec-
tively. Meansfor birthweightof femalesrangedfrom71.9
Ib in Angusto 97.7Ib in Pinzgauer(Table3) and in males
rangedfrom 77.0 Ib in Angus to 108.0 Ib in Pinzgauer
(Table 4). Means for 200-dayweightof femalesranged
from3921bin Herefordto5361binSimmental(Table3)and
in males ranged from 419 Ib in Hereford to 571 Ib in
Gelbvieh(Table4). Meansfor 368-dayweightof females
rangedfrom631Ib in Herefordto 787Ib in Simmentaland
Charolais (Table 3) and in males rangedfrom 842 Ib in
Herefordto 1,052Ib in Simmental(Table4). Meansfor hip
height of females at 368 days ranged from 44.1 in. in
Herefordto 48.8in. in Braunvieh,Gelbvieh,Simmentaland
Charolais(Table3) and in malesrangedfrom45.7 in. in
Herefordto 50.8in.inSimmental(Table4). Meansforcon-
dition score in females at 368 days rangedfrom 3.7 in
Limousinto5.9inAngus(Table4)andinmalesat368days
rangedfrom3.3 in Limousinto 5.6 in HerefordandAngus
(Table4). Meansfor musclescore in malesat 368 days
rangedfrom4.0 in Red Poll to 6.9 in Limousin. Muscle
scorewasnotrecordedinfemalesat368days.
The rangeof parentalbreeddifferencesof each sex of
morethan35% in birthweight,morethan35% in 200-day
weightandmorethan24% in368dayweightreflectsgreat
opportunityto selectamongbreedsfordifferencesingrowth
traitsincombinedadditivedirect(GI)andadditivematernal
(Gm)geneticeffects.
DifferencesAmongParentalBreeds for PubertyTraitsof
FemalesandScrotalCircumferenceofMales
Differences among parental breeds reported here
includethe sum of additivedirectand additivematernal
geneticeffects(Gi+Gm).
Pubertyof Females. Means are presentedby breed
groupinTable5 alongwithapproximatedifferencebetween
means,of parentalbreedsandof all breedgroups,required
for significance. Percent in parental breeds reaching
pubertyat368 days (end of feedingperiod),at 410 days
(startofbreedingseason)andat452days(endof breeding
season) was, respectively, 65.3 (ranged from 31.7 in
Herefordto 89.7 in Braunvieh),72.9 (rangedfrom39.9in
Herefordto 94.2in Braunvieh),and92.6(rangedfrom79.3
in Limousinto 100 in Braunvieh). Parentalbreeddiffer-
ences in adjustedage at pubertyrangedfrom350days in
Braunviehto411daysinHerefordwitha meanof376days.
This rangeof 61 days betweenbreedgroupmeansis of
majorimportancewhenfemalesareexposedfor matingas
yearlingsina restrictedmatingseasonof42days. Of equal
interestandsignificanceis thedifferenceamongbreedsin
percentthathadreachedpubertyat thestartof the breed-
ing season (410 days). This parentalbreed difference
(39.9%vs 94.2%)is morethantwiceas greatas thehetero-
sis effecton percentreachingpubertyat the startof the
breedingseason(410days). These resultssuggesta high
relationshipamongbreeds betweenage at pubertyand
breedhistoryof selectionformilkproduction.
Parentalbreeddifferencesinadjustedage andweightat
pubertyreportedhere are likelyunderestimatedbecause
observationson dateof first estruswere not starteduntil
March 1. We can assume that a higher percentageof
breed groups that reach pubertyat younger ages had
already reachedpubertybefore observationsfor estrus
werestartedthanforbreedgroupsthatreachpubertylater.
Cumulativepercentthatreachedpubertyby 368,410,and
452 days are not as likelyto be underestimated.Thus,
greaterattentionshouldfocuson differencesamongcumu-
lativepercentagesthatreachedpubertyby 368,410, and
452daysthanondifferencesinadjustedageatpuberty.
Results from a specific analysis indicatedthat breed
groupdifferencesinageat pubertyarelargelyindependent
ofbreedgroupdifferencesin368-dayweight.
Scrotal Circumference of Males. Means are presented
by breed group in Table 5 along withapproximatedifference
between means, of parental breeds and of all breed groups,
required for significance. Mean scrotal circumference
adjusted for age of dam (linear, .434 and quadratic, -.084)
by regression (3.6 yr) and for date of birth (linear, -.043) by
regression (354 days) was 32.4 em for all parental breeds.
Differences between breeds in scrotal circumference at 368
days ranged from 29.0 em in Limousin to 34.1 em in
Gelbvieh.
Significant differences among breed groups remained in
scrotal circumference after adjusting scrotal circumference
by regression for differences in 368-day weight. This result
suggests that differences among breed groups in scrotal cir-
cumference are influenced only in part by breed group dif-
ferences in 368-day weight.
Correlations. Correlation coefficients among breed
groupmeansfor pubertytraitsin femaleswithscrotalcir-
cumferenceof maleswere.88(P <.01)orhigher,(Table6).
Correlationscoefficientsamongbreed group meansfor
pubertytraits in femaleswith pregnancypercentageas
yearlingswere.87(P <.01)orhigher(Table7).
General. These resultsreveallargedifferencesamong
breeds in percentreachingpubertyat 368, 410 and 452
daysand inageat pubertyof femalesandinscrotalcircum-
ferenceof malesandshowa highcorrelationamongbreed
groupmeansfor these traits. Breeddifferencesin these
traitsprovideconsiderableopportunityto usegeneticdiffer-
encesamongbreedsto optimizeadditivegeneticvalueto
meeta widerangeofproductionsituations.
Adjustingfemaleage at pubertyfor differencesin 368-
day weightby regressionhad littleeffectiveon breedrank
or variationamongbreedsfor age at puberty,suggesting
thatdifferencesin age at pubertyamongbreedsis largely
independentof breed differences in growthrate to 368
days. Adjustingscrotalmeasurementsfor differencesin
368-dayweightby regressionresultedin somereductionin
variationamongbreeds in scrotalcircumference(range
reducedfrom5.1emto3.7em). However,significantbreed
differences in scrotal circumferencewere still present.
Althoughdifferencesinscrotalcircumferenceamongbreeds
are partiallyattributableto breeddifferencesin 368-day
weight,there are important(P < .01) differencesamong
breedsinscrotalcircumferenceindependentofbreeddiffer-
encesingrowthratendentofweight.
DifferencesAmongParentalBreedsfor BirthWeight,Birth
Date,DystociaandSurvival-as TraitsofDam.
Differencesamongparental breeds include additive
dir~ctgeneticeffectsandadditivematernalgeneticeffects
(GI+Gm).
Calves With2 Year Old Dams. Mean birthweightfor
parentalbreedcalveswas83.1lb. Birthweightrangedfrom
69.4Ib inAngusto93.3Ib inBraunvieh(P <.01),(Table8).
Meanbirthdate (Julian)for parentalbreedcalveswas 79.
Julian birthdaterangedfrom74 in Red Poll and Pinzgauer
to 88 in Limousin(P <.01),(Table8). Breedrankfor birth
dateis highlyassociatedwithageatpubertyand(or)gesta-
tionlength. Meancalvingdifficultypercentage(percentage
requiring assistance) for parental breeds was 52.6%.
Calvingdifficultyrangedfrom31.8%in Angusto 73.8%in
Braunvieh(P <.01),(Table8). Meancalfsurvivalat wean-
ing for parentalbreedswas 80.4%. Survivalat weaning
rangedfrom74.3%in Herefordto 85.4%in Red Poll (P <
.05),(Table8). Resultsfroma separateanalysisshowed
theeffectsof breedgroupwereimportant(P <.01)forcalv-
ingdifficultypercentageandsurvivalpercentageatbirth,72
hr and at weaningindependentof breedgroupeffectson
birthweight. The effectsof sex were important,indepen-
dentof theeffectsof sexon birthweight,(P <.01)forcalv-
ingdifficultypercentage;(e.g.,males=62%andfemales=
46%adjustedtoa commonbirthweight).
These results reveal that in 2 yr old dams, each Ib
increase in birthweight resulted in a 1.9% increase in
calvesrequiringassistanceandthatthe responsewas lin-
ear. The negativelinearand quadraticregressions(P <
.01)of survivalpercentageat birth,72 hr andweaningon
birthweightreflectthe importanceof birthweighton calf
survivalpercentageandthecurvilinearityof theeffect. The
significanteffectof breedgroupon calvingdifficulty% and
survival% at birth,72 hr andweaningadjustedto a com-
monbirthweightreflectimportantdifferencesamongbreed
groupsfor thesetraits,independentof breedgroupeffects
on birthweight. Thus, thereappearsto be someopportu-
nityto reducedystociaandto increasecalf survival% by
considerationof factors otherthan birthweightsuch as
anatomicalcharacteristicsof dam and(or) calf. Similarly,
the greatercalvingdifficulty% of malesvs femalesat a
commonbirthweightdocumentimportanteffectsof sex on
calvingdifficulty%, independentof sex effectson birth
weight.
CalvesWithDams 3 or More Years Old. Mean birth
weightof parentalbreedcalveswithdams> 3 yr old was
92.6lb. Birthweightrangedfrom76.3Ib inAngusto 104.5
Ib in Pinzgauer (P < .01), (Table 9). Mean birthdate(Julian)
of parentalbreedcalveswithdams3 or moreyr old was
105. Julian birthdate rangedfrom99 in Angusto 109in
LimousinandBraunvieh(P <.01),(Table9). Meancalving
difficultyofparentalbreedcalveswithdams3 ormoreyrold
was 8.6%. Calvingdifficultyrangedfrom.9% in Angusto
15.9%in Pinzgauer(P <.01),(Table9). Meancalfsurvival
atweaningofparentalbreedcalveswithdamsor more3 yr
oldwas 92.6%. Survivalatweaningrangedfrom88.1% in
Simmentalto95.6%inRedPoll (P <.01),(Table9).
In a separateanalysis,gestationlength,birthdate,birth
weight,calvingdifficultypercentage,survivalpercentageat
birthand survivalpercentageat 72 hr were analyzedfor
calveswith3 ormoreyrolddams. Dataongestationlength
were not availableon calves with2 yr old dams. Breed
group effectswere significantfor gestationlength,birth
date,birthweightand calvingdifficultypercentagebutnot
for survivalpercentageat birthandat 72 hr. A regression
analysisofthesetraitsongestationlength,gestationlength
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withinsexandgestationlengthwithinbreedgroupwascon-
ducted. The analysesrevealedthelinearregressionsof all
traitson gestationlength(days)to be significant;e.g.,birth
date,1 day;birthweight,.9Ib, survivalatbirth,.1%andsur-
vivalat72 hr,.2%. The regressionsofall traits,exceptbirth
weight,ongestationlengthwithinsexweresignificant.The
regressionsof all traits, exceptbirthdate, on gestation
lengthwithinbreedgroupweresignificant.Gestationlength
accountedfor90%ofthebreedgroupvariationinbirthdate,
14%of thebreedgroupvariationinbirthweightand31%of
thebreedgroupvariationincalvingdifficultypercentage.
Calves WithDams of All Ages. Mean birthweightof
parentalbreedcalveswithdams of all ages was 90.2 lb.
Birthweightrangedfrom74.7 Ib in Angus to 101.9Ib in
Pinzgauer(P <.01),(Table10). Meanbirthdate(Julian)of
parentalbreedcalveswithdamsof all ageswas 99. Julian
birthdaterangedfrom93 in Angusto 104in Limousin(P <
.01), (Table 10). Mean calvingdifficultypercentageof
parentalbreed calves with dams of all ages was 19.7.
Calvingdifficultyrangedfrom8.8% in Angusto 28.5%in
Braunvieh(P <.01),(Table10). Meansurvivalat weaning
of parentalbreedcalveswithdamsof all ageswas 89.7%.
Survivalat weaningrangedfrom86.4% in Simmentalto
93.4%inRedPoll (P <.01),(Table10).
General. These resultsshow largedifferencesamong
breedsincalvingdifficulty,particularlyincalveswith2 yrold
dams. Whilethemeansarenotpresentedhere,calveswith
difficultbirthswith2 yr old damsweresignificantlyheavier
atbirthandhadsignificantlylowersurvivalpercentageat72
hr and at weaningthancalveswith2 yr old damsthatdid
not experiencedifficultbirths. Large differenceswere
observedamongbreedgroupsin calvingdifficultypercent-
age and calf survivalpercentageindependentof breed
groupeffectson birthweight. This resultsuggestssome
opportunityto reducedystociaandto increasecalfsurvival
percentageby considerationof factors other than birth
weightsuch as anatomicalcharacteristicsof damand(or)
calf. Similarly,greatercalvingdifficultypercentagewas
observedinmalecalvesthaninfemalecalves,independent
of sexeffectson birthweight,indicatingthatanatomicaldif-
ferencesbetweensexeslikelycontributeto dystocia. In 2-
yr-oldfemalescalfsurvivalpercentageatweaningwas low-
est (P < .05)in smallestand in largestbirthweightclasses
anddidnotdiffer(P >.05)amongintermediatebirthweight
classes. These resultsdocumentthat intermediatebirth
weightsareoptimumfor increasedsurvival.
DifferencesAmongParentalBreedsfor Reproductionand
MaternalTraits
Differencesamong parentalbreeds include additive
dir~ctgeneticeffectsand additivematernalgeneticeffects
(GI+Gm).
Becauseof the importanceof breeddifferencesassoci-
atedwithage for someof thetraitsevaluated,resultsare
presentedforthreeagegroupings:twoyr old,fiveor more
yroldandinfemalesofallages.
Two YearOld Females. Meansare presentedby breed
group in Table 11 along with approximate difference
betweenmeans,ofparentalbreedsandofall breedgroups,
requiredforsignificance.
Large differences (P < .01) were observed among
parentalbreeds for pregnantpercentagewhen bred as
yearlingsin a 42 day matingseason. Differencesranged
from54.7%inLimousinto 85.6%inGelbvieh.Breedgroup
means in pregnantpercentageas yearlingswere highly
associated(P <.01)withbreedgroupmeansin measures
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of puberty(Table 7). Large differences(P < .01) were
observedamongparentalbreedsincalfcropbornpercent-
age. Differencesbetweenpregnantpercentageand calf
cropbornpercentage(e.g.,2.6%)reflectbotherrorsindiag-
nosing pregnancy by rectal palpation and fetal losses
betweenpregnancydiagnosis and parturition. Rank of
parentalbreedsforcalfcropbornpercentagewassimilarto
rankof breedsfor pregnantpercentagewithLimousinlow-
est (53.0%)and Gelbviehhighest(83.2%). Largediffer-
ences (P <.01)wereobservedamongparentalbreeds in
calfcropweanedpercentage.Differencesbetweencalfcrop
weanedpercentageand calf crop bornpercentagereflect
calf mortalitybetween birth and weaning (e.g., 13.7%
includingcalvesdeadat birth). Rankof parentalbreedsfor
calfcropweanedpercentagewas similarto rankof breeds
for calfcropbornpercentagewithLimousinlowest(41.8%)
andBraunviehhighest(66.4%).
Largedifferences(P < .01)wereobservedin 200-day
calfweightperfemaleexposedto breeding.Thesevalues
reflectdifferencesamongparentalbreedsin bothcalfcrop
weanedpercentageand200-daycalfweight;Le.,reproduc-
tion rate,calf survivaland preweaninggrowthfor additive
geneticm.aternaleffects(Gm)and additivedirectgenetic
effects(GI). Becauseof the importanceof fitnesstraitsin
contributingtothismeasureofoutputperfemale,therewas
considerablesimilarityinbreedrankfor200-daycalfweight
perfemaleexposedandmeasuresof fitness;Le.,reproduc-
tionrateandcalfsurvival.Herefordrankedlowest(178Ib)
andGelbviehrankedhighest(340Ib) in200-daycalfweight
perfemaleexposedtobreeding.
Largedifferences(P < .01)were observedin 200-day
calfweightwithHerefordlowest(378Ib)andGelbviehhigh-
est (506 Ib). These values includebreeddifferencesin
additivematernal.geneticeffects(Gm) and additivedirect
geneticeffects(GI)forpreweaningrowth.
FemalesFiveor More YearsOld. Meansare presented
by breedgroupin Table 12 alongwithapproximatediffer-
ence betweenmeans, of parentalbreeds and between
means of all breed groups, required for significance.
Becauseof thelargedifferencesamongbreedsin reproduc-
tivetraitsof twoyr old femalesassociatedwithdifferences
in age at puberty(Table 7) it was desirableto evaluate
breeddifferencesin reproductiveand maternaltraitsafter
theyweremature;e.g.,5 to 10yratparturition.
Parentalbreeddifferenceswerelarge(P <.05)for 200-
day calf weightper femaleexposedwith Herefordlowest
(348 Ib) and Charolais highest (477 Ib). However,
Charolais,Braunvieh,Gelbvieh,Simmentaland Pinzgauer
didnotdiffer(P >.05)fromeachother. The Herefordwas
lighter(P <.05)thanallbreedgroupsexceptAngusandthis
differenceapproachedsignificance(P <.10).
Large parental breed differences (P< .01) were
observedfor 200-daycalfweightwithHerefordsignificantly
lighter(431Ib)thanall otherbreedgroupsandSimmental
heavier(575Ib) butSimmentalwas notdifferent(P > .05)
fromBraunvieh,GelbviehandPinzgauer.
Femalesof All Ages.Means are presentedby breed
group in Table 13 along with approximate difference
betweenmeans,of parentalbreedsandbetweenmeansof
allbreedgroups,requiredforsignificance.
Large differences (P < .01) were observed among
parentalbreedsforpregnantpercentagewithLimousinlow-
est (74.8%)and Red Poll highest(86.6%).The Limousin
and Hereforddid notdiffer(P > .05)fromeachotherand
neitherdid the Red Poll, Braunvieh,Angus, Simmental,
Charolais,GelbviehandPinzgauer. Largedifferences(P <
.01)wereobservedamongparentalbreedsincalfcropborn
percentage. The Limousinwas lowest (73.4%)and the
Pinzgauerwas highest(83.7%). Again,the Limousinand
Hereforddidnotdiffer(P >.05)fromeachotherandneither
did the Red Poll, Braunvieh,Angus,Simmental,Charolais,
Gelbviehand Pinzgauer. Largedifferences(P <.01)were
observedamongparentalbreedsforcalfcropweanedper-
centagewithLimousinlowest(66.0%)andRed Poll highest
(76.2%).The Limousin,HerefordandSimmentaldidnotdif-
fer (P > .05)fromeachotherand neitherdid the Red Poll,
Braunvieh,Angus, Charolais, Gelbvieh and Pinzgauer.
Differencesbetweencalfcropweanedpercentageandcalf
cropbornpercentagereflectdeathlosses,includingdeadat
birthandfrombirthto weaning. The meandifferencewas
8.0%withSimmentalgreatest(10.8%)and Red Poll small-
est(5.1%).
Large differences (P < .01) were observed among
parentalbreedsin200-daycalfweightper femaleexposed
to breedingwith Hereford lowest (280 Ib) and Gelbvieh
highest(413Ib). The Herefordwas lowest(P < .05)of all
breed groups except Limousin and this difference
approachedsignificance(P <.10). The Gelbviehdidnotdif-
fer(P >.05)fromPinzgauer,BraunviehandCharolais.
Large differences (P < .01) were observed among
parentalbreedsin200-daycalfweightwithHerefordlightest
(407 Ib) and Simmentaland Gelbviehheaviest(544 Ib).
The Herefordwas lighter(P <.05)thanall parentalbreeds
and the Gelbviehand Simmentalwere heavier(P < .05)
thanallparentalbreedsexceptBraunvieh.
General. Differences among parental breeds were
greaterin thecorrelatedtraitsof pregnantpercentage,calf
crop born percentage,calf crop weanedpercentageand
200-day calf weight per female exposed in two yr old
femalesthan in females> five yr old or in femalesof all
ages. The largedifferencesamongparentalbreedtwoyr
oldfemalesinpregnantpercentageis largelyaccountedfor
by differences in parentalbreed means in measuresof
puberty(Table7 and11). Eventhoughof lessermagnitude
thanin twoyr oldfemales,largedifferences(P <.05)were
observedamongparentalbreedfemalesof allagesinpreg-
nant percentage, calf crop born percentage, calf crop
weanedpercentage,and in 200-daycalfweightperfemale
exposed.Thus,thehandicapof reducedpregnancyrateas
yearlingsis reflectedin a reducedpregnancyratewhen
averagedoverallagesoffemales.
Differences Among Parental Breeds for Weight, Height and
Condition Score
Dataon one yr old femalesincludedin this reportwere
collected1) 168dayspostweaning,2) endof breedingsea-
son (452days)and 3) whenpalpatedfor pregnancy(522
days). Dataon 2-, 6- andfrom2- through7 or moreyr old
females included in this report were collected: 1) in
February(about2 mo beforecalving),2) in June (before
startofbreedingseason)and3) inOctober(whenpalpated
for pregnancy).Thus, the resultspresentedin Tables 14,
15, 16, and 17 reflectthe meanof observationsmadeon
these three data collection schedules within a year.
Approximate differences between means, of parental
breedsandbetweenmeansofallbreedgroups,requiredfor
significanceare presentedin Tables 14, 15, 16, and 17.
Cows that failed to wean a calf in a given year were
excludedfromthedatasetforthatyear.
Differencesamong parental breeds include additive
dir~ctgeneticeffectsand additivematernalgeneticeffects
(GI+Gm).
--
One Year Old Females. Breedgroupmeansare pro-
videdin Table 14 for actualweight,weightadjustedto a
commonconditionscore, hip heightand conditionscore.
Largedifferenceswereobservedamongbreedgroupsfor
all traitsevaluated.
Two Year Old Females. Breedgroupmeansare pro-
videdin Table 15 for actualweight,weightadjustedto a
commonconditionscore, hip heightand conditionscore.
Similarly,largedifferenceswere observedamongbreed
groupsforall traitsevaluated.The magnitudeof difference
in weightbetweenspecificbreedgroupswas reducedcon-
siderablyas a resultofadjustingweighttoa commoncondi-
tionscore.
Six Year Old Females. Breed group means are provided
in Table 16 for actual weight, weight adjusted to a common
condition score, hip height and condition score. Again,
large differences were observed among breed groups for all
traits evaluated. Similarly, the magnitude of difference in
weight was reduced considerably as a result of adjusting to
a common condition score.
Two ThroughSevenor More YearOld Females. Breed
group meansare providedin Table 17 for actualweight,
weightadjustedto a commonconditionscore, hip height
and conditionscore. Large differenceswere observed
amongbreedgroupsforalltraitsevaluated.
Differences Amono Parental Breeds in Milk Yield
Milk yield data were recordedusing the weigh/nurse/
weighprocedureforthe12breedgroupsat intervalsof five
weekswhencalfage averaged8, 13and 18weeks(Table
18). Data were recordedin early June (beforestart of
breedingseason),mid-July (mid-breedingseason)and in
lateAugust. MeanbirthdatewasApril11andcalveswere
weanedin earlySeptember. Datawerecollectedin 1990
and 1991. The intentwasto samplethesame26 cow-calf
pairs in eachof the 12 breedgroupsthreetimesduringa
season. However,in 1990a problemwasdetectedwiththe
scale at one of the datacollectionsitesafterthe mid-July
collection. Thus, data fromthe mid-Julycollectionat this
sitewereeliminatedandincludedtheHereford,Angus,Red
Poll andcompositeMARC III breedgroupsfor one collec-
tiontime in one year. Thus, in 1990datawerecollected
onlytwotimeson thesefour breedgroups. Also, cow or
calf illnessand (or)deathreducedthe numberof observa-
tionsto 1,686froma potentialof 1,872(Le., 26 cow-calf
pairs of 12 breed groups for 3 collections in each of 2
years).
The day before collection, cows and calves were
roundedupabout4:00p.m.,andpenneduntil6:00p.m.,at
which timecalves were separatedfrom cows until6:00
a.m.,thefollowingdaywhendatacollectionstarted. Data
werecollectedsimultaneouslyat threesitesin 1990andat
twosites in 1991. Eventhoughall breedgroupswerenot
togethertheyall hadaccessto thesamegrassesat similar
stagesof maturityin adjacentpastures. Everyeffortwas
madeto standardizeexperimentalprotocolsamong the
sites. Calveswereweighedto the nearestIbwithan elec-
tronic scale immediatelybefore and immediatelyafter
nursingfora periodof 15-20minutes.Calvesweremadeto
standandto moveforseveralminutespriortofirstweighing
to encouragevoidingof urineand feces. Breed groups
wereseparatedat eachweigh/nurse/weighcycleinorderto
avoidthepossibilityof crossfosteringamongbreedgroups.
In a fewcaseswherecrossfosteringwas detectedwithina
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breedgroup,thedatawereeliminated.Care was takento
allowcalvesto receiveall availablemilkproducedby their
dambutnot leftstandingwithdamfor an extendedperiod
aftercompletionof nursing. Calf weightswereadjustedto
200daysbutnotadjustedforsexorageofdam.
Largedifferenceswereobservedamongparentalbreeds
in 12hrmilkproduction(Table18). Herefordwaslowest(P
< .05)and Braunviehproducedsignificantlymorethanall
breed groups except Simmental where the difference
approachedsignificance.Parentalbreedsrankedsimilarly
for 12-hrmilkproductionand 200-dayweightof progeny.
The correlationamongbreedgroupmeansfor 12-hrmilk
productionwith200-dayweightofprogenywas.91.
Differencesamongparentalbreeds in 200-dayweight
adjustedby regressionto a commonestimatedmilkproduc-
tionare expectedto refl~ctprimarilydifferencesin additive
directgeneticeffects(GI) for 200-dayweight. For 200-day
weightadjustedto a commonmilkyield,Red Poll,Hereford,
AngusandLimousindidnotdiffer(P >.05)fromeachother
andallweresignificantlylighterthanBraunvieh,Pinzgauer,
Gelbvieh,SimmentalandCharolaiswhichdidnotdiffer(P >
.05)fromeachother(Table18).
GeneticandPhenotypicVariation.Estimatesof heritabil-
ity (h2)andtheirstandarderrorsand phenotypicstandard
deviations(oQ)werecomputedseparatelyfor purebreeds
combinedan/j for compositepopulationscombinedfor all
traitsevaluated.Thesevaluesarepresentedin tableswith
breedgroupmeansforthetraitsanalyzed.Estimatesof h2
werecomputedusingthe sire withinbreedcomponentof
variance. Phenotypicstandarddeviationswerecomputed
byextractingthesquarerootof thesumof thebetweenand
withinsire componentsof variance. Generally,the differ-
encesbetweenpurebreedscombinedandcompositepopu-
lationscombinedwere smalland were notconsistentfor
e~timatesof bothof h2and0 . Therewas notendencyfor
h 's or0ptobegreaterforco~positepopulationscombined
thanfor contributingpurebreedscombined. Thus, greater
geneticand phenotypicvariationexpectedfor composite
populationscombinedthanfor purebreedscombinedwas
notobserved.
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Table 1-Number of sires usedand Individualsborn by birthyearandbreedgroup
Number
YearofbirthBreed Number indiv.
group sires born 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991
RedPoll 51 1,322 47 129 109 114 110 109 109 88 80 84 84 87 87 85
Hereford 68 1,491 142 114 101 118 116 109 113 93 100 104 104 102 102 73
Angus 78 2,076 168 167 227 234 216 225 225 98 85 86 86 84 88 87
Limousin 56 1,478 86 127 117 115 117 121 107 99 106 98 105 96 104 80
Braunvieh 58 1,384 105 107 114 112 115 117 114 95 84 81 85 84 86 85
Pinzgauer 37 816 17 72 115 134 78 75 74 76 86 89
Gelbvieh 51 1,214 19 26 50 93 137 163 116 89 90 89 86 85 84 87
Simmental 67 1,410 145 117 111 110 116 113 111 90 88 80 82 82 84 81
Charolais 57 1,421 90 101 118 104 116 108 117 97 99 96 100 90 94 91
MARC I-F1 20 583 33 87 141 112 107 103
MARC I-F2 24 1,081 38 74 121 147 132 145 121 117 100 86
MARC I-F3 45 806 41 65 128 116 122 107 108 119
MARC I-F4 24 401 37 62 84 105 113
MARC II-F1 17 730 143 198 183 132 74
MARC II-F2 28 1,328 48 100 181 223 199 117 110 105 98 82 65
MARC II-F3 42 974 42 99 174 115 116 107 105 103 113
MARC II-F4 25 533 47 74 77 99 112 124
MARC III-F1 15 556 115 108 118 113 102
MARC III-F2 24 925 42 70 129 174 144 112 100 85 69
MARC III-F3 31 694 38 73 119 132 118 97 117
MARC III-F4 14 307 29 62 93 123
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Table 2-Age of damadjustmentfactorsto a maturebasis by sex andbreedgroup
Age Females
InlactMales
of Birth Preweaning Postweaning Birth Preweaning Postweaning
Dam WI ADG ADG WI ADG ADG
BreedGroup (yr) (Ib) (Ib) (Ib) (Ib) (Ib) (Ib)
Red Poll 2 8.1129 0.1742 -0.1014 10.7804 0.2050 -0.0397
3 3.8360 0.1257 -0.046 5.6658 0.1213 0.0044
4 -2.8439 0.0132 -0.0088 1.1464 0.0243 0.0507
Hereford 2 8.4215 0.1962 -0.0728 10.0750 0.2712 -0.0220
3 3.9903 0.1168 -0.0463 7.0547 0.1830 0.0331
4 2.5794 0.0639 -0.0022 2.9541 0.0860 0.0353
Angus 2 5.8642 0.2116 -0.0705 8.2011 0.2778 -0.0198
3 2.4912 0.1411 -0.0220 3.3289 0.1653 0.0309
4 0.0000 0.0705 -0.0132 0.7275 0.0661 0.0000
Limousin 2 10.6261 0.2249 0.0309 12.3457 0.1962 -0.1345
3 5.4894 0.1675 0.0331 7.6279 0.1367 0.0110
4 0.5732 0.0926 0.0220 2.4691 0.0573 0.0044
Braunvieh 2 9.4136 0.2513 -0.0132 7.5617 0.2337 -0.0397
3 5.9965 0.1587 0.0265 5.2469 0.1279 -0.0044
4 0.7055 0.0353 0.0022 1.4330 0.0375 0.0353
Pinzgauer 2 15.9171 0.3571 -0.0044 22.5750 0.4563 0.0309
3 6.3933 0.1918 0.0309 9.3474 0.2910 0.0705
4 3.1746 0.0397 0.0507 4.7619 0.1235 0.0705
Gelbvieh 2 13.3818 0.2579 -0.0265 11.0009 0.2998 -0.0309
3 8.4215 0.1565 0.0220 4.2328 0.2160 -0.0088
4 3.3289 0.0816 0.0265 -1.2566 0.0772 0.0287
Simmental 2 12.5882 0.1918 -0.0772 13.3157 0.3175 -0.0309
3 7.5838 0.1036 -0.0066 6.5035 0.2028 -0.0022
4 0.0441 0.0044 -0.0044 0.3968 0.0904 0.0375
Charolais 2 13.4700 0.2756 -0.0176 18.6728 0.3175 -0.0088
3 4.0564 0.2160 -0.0287 7.0547 0.2513 0.0000
4 1.1464 0.0617 -0.0485 2.0062 0.0948 0.0375
MARC I 2 12.4339 0.2116 -0.0265 12.0811 0.2535 -0.0287
3 6.7019 0.1455 -0.0132 6.6799 0.1477 0.0353
II ? 4nn 0.03!13 -0.0309 1.4550 0.0287 0.0309
MARCil 2 7.4515 0.2072 -0.0750 10.0529 0.2690 -0.0485
3 0.5071 0.1190 -0.0595 0.6393 0.1764 0.0176
4 -0.5291 -0.0132 -0.0551 -0.4850 0.0441 -0.0022
MARC III 2 13.3818 0.2006 -0.0617 12.0811 0.2734 -0.0353
3 3.5714 0.1279 -0.0683 1.2787 0.1455 -0.0287
4 1.8519 -0.0110 -0.0132 0.6614 0.0683 0.0220
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Table 3-Breed group means for growth traits - females
Birth 200-day 368-day 368-day 368-day
Breed weight weight weight height condition
group Number (Ib) (Ib) (Ib) (in) score"
Overallmean 7,785 87.8 490 750 47.2 5.2
Red Poll 521 80.7 445 675 45.7 5.0
Hereford 537 76.5 392 631 44.1 5.6
Angus 780 71.9 423 681 44.5 5.9
Limousin 526 82.9 450 692 47.2 3.7
Braunvieh 490 94.8 525 776 48.8 4.6
Pinzgauer 282 97.7 520 776 48.4 4.6
Gelbvieh 439 92.2 536 785 48.8 4.8
Simmental 506 91.3 527 787 48.8 4.6
Carolais 538 95.0 512 787 48.8 4.7
h d .40:1:.05 .3.04 .38:1:.05 .39:1:.05 .43:1:.05
(J . 9.7 44.0 63.8 1.3 .92
D.05b 2.6 11.5 17.4 .4 .2
MARC I F1 239 92.2 514 794 48.0 5.5
F2 430 92.4 512 785 48.0 5.2
F3&4 304 93.0 514 789 48.4 5.1
MARCil F1 331 85.6 518 778 47.2 6.1
F2 536 88.4 494 765 46.8 5.8
F3&4 436 87.3 500 770 47.2 5.7
MARC III F1 243 85.6 476 741 46.4 5.7
F2 394 85.6 478 743 46.1 5.8
F3&4 253 86.2 472 736 46.1 5.6
h2d .34:1:.05 .27:1:.05 .31:1:.05 .41:1:.06 .31:1:.05
(J · 10.9 45.5 66.2 1.4 .9
2
D.05e 3.3 14.1 21.4 .5 .3-
· 9-highest.1-lowest.
b D.05Istheapproximatedifferenceb tweenmeansofparentalbreedsrequiredforsignificance.
e 0.05istheapproximatedifferenceb tweenmeansofallbreedgroupsrequiredforsignificance.
d _heritability.."p-phenotypicstandarddeviation.
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Table4-Breed group meansfor growthtraits-males
Birth 200-day 368-day 368-day 368-day 368-day
Breed weight weight weight height condition muscling
group Number (Ib) (Ib) (Ib) (in) score' score'
Overallmean 7,055 94.2 523 986 48.8 4.9 5.3
RedPoll 419 86.2 487 902 47.6 5.0 4.0
Hereford 489 81.8 419 842 45.7 5.6 4.6
Angus 754 77.0 450 882 46.1 5.6 5.1
Limousin 477 90.0 481 911 49.2 3.3 6.9
Braunvieh 454 102.1 556 1,019 50.4 4.2 5.0
Pinzgauer 222 108.0 560 1,039 49.6 4.8 4.8
Gelbvieh 377 98.1 571 1,036 50.4 4.3 5.6
Simmental 451 98.1 562 1,052 50.8 4.6 5.7
Carolais 421 102.3 542 1,034 50.4 4.1 5.9
h d .50:1:.06 .27f:.04. 43f:.05 .39f:.05 .38f:.05 .37f:.05
ape 10.6 46.7 76.2 1.3 .8 .7
D.05b 3.1 12.8 22.0 .4 .2 .2
MARC I F1 242 95.7 536 1,014 49.6 4.7 5.8
F2 448 97.7 538 1,008 49.6 4.5 5.7
F3&4 247 97.9 534 990 49.6 4.4 5.6
MARCil F1 344 91.9 567 1,028 49.6 5.5 5.2
F2 555 95.0 529 1,008 48.8 5.6 5.3
F3&4 403 94.4 538 1,025 49.2 5.5 5.2
MARC III F1 237 92.4 516 975 48.4 5.7 4.9
F2 381 92.8 518 986 48.0 5.6 4.7
F3&4 134 93.5 512 988 48.0 5.4 4.8
h2d .34f:.06 .23f:.05 .26f:.05 .47f:.06 .29f:.05 .30:1:.05
ape 11.9 49.3 82.6 1.4 .8 .6
D.05e 3.7 15.4 26.5 .5 .3 .2
· 9 - highest,1-lowest.
b D.05is theapproximatedifferencebetweenmeansofparentalbreedsrequiredforsignificance.
e D.05is theapproximatedifferencebetweenmeansofallbreedgroupsrequiredforsignificance.
d h2_ heri1abili1y.
· eJp- phenotypicstandarddeviation
Table&-Correlationcoefficientsamongparental
breedmeansforpubertytraitsoffemaleswith
scrotalcircumferenceofmales
Table7-Correlatloncoefficientsamongparental
breedmeansforpubertytraitswithpregnancy
percentageInyearlingfemales
FemalePuberty Traits
Scrotal
Circumference(em)
Female Puberty Traits Pregnancy ("!o)
% Puberty at 368 days
% Puberty at 410 days
% Puberty at 452 days
Age at Puberty -days
Age at Puberty - Adj. for 368 d wt.
.88**
.91**
.95**
-.91**
-.91**
% Pubertyat368days .87**
% Pubertyat410days
% Pubertyat452days
Age at Puberty -days
AgeatPuberty- Adj.for368d wt.
.89**
.97**
-.89**
-.88**
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Table 5-Breed group meansfor pubertytraitsof femalesandscrotalcircumferenceof males
Puberty Scrotal
368 410 452 Adjusted Adjusted circum-
Breed days days daysb ageC weight" ferenced
group Number ("!o) ("!o) ("!o) (days) (Ib) Number (em)
Overallmean 6,034 72.4 79.8 94.8 370 736 6,649 32.8
Red Poll 450 83.7 88.6 97.4 359 650 410 33.1
Hereford 427 31.7 39.9 82.8 411 695 472 30.3
Angus 670 46.1 57.4 93.3 393 697 738 32.1
Limousin 403 36.1 44.0 79.3 408 743 464 29.0
Braunvieh 359 89.7 94.2 100.0 350 732 444 33.7
Pinzgauer 246 85.8 92.1 96.6 360 739 215 33.0
Gelbvieh 330 86.3 92.9 99.1 353 745 366 34.1
Simmental 358 77.4 86.8 98.0 363 758 437 33.7
Charolais 406 50.7 60.6 86.5 391 814 406 32.2
Paental breedmean 65.3 72.9 92.6 376 730 32.4
h h .28:1:.05 .31:1:.05 .32:1:.05 .33:1:.06 .47:1:.06 .54:1:.06
<JI 40.8 38.9 25.1 28.9 65.3 2.5P
0.05" 11.0 10.0 6.2 8.1 20.7 .7
MARC I F1 182 78.0 85.5 99.2 366 767 240 32.5
F2 332 76.3 85.8 98.7 366 765 405 32.7
F3&4G 190 73.4 83.0 94.6 367 763 201 33.0
MARCil F1 274 89.8 95.2 97.6 360 745 340 34.1
F2 410 82.6 89.3 97.4 361 738 502 33.6
h2h
F3&4G 239 80.3 86.9 95.3 360 739 344 33.8
22:1:.05 .13:1:.05 .09:1:.04 .27:1:.06 .37:1:.07 .45:1:.07
<Jp 36.6 30.6 15.9 25.4 66.7 2.5
MARC III F1 243 86.2 91.2 100.0 361 710 233 33.6
F2 358 77.6 84.0 95.1 368 723 330 32.8
F3&4G 157 71.8 79.0 94.4 370 723 102 32.8
0.05' 13.5 12.4 7.7 10.0 25.6 .9
·410days.startofbreedingseason.
b 452 days .endofbreedingseason.
C Adjustedto100%pubertybasis.
d Adjustedtoa commonage.
" D.05is theapproximatedifferencebetweenmeansofparentalbreedsrequiredforsignificance.
f D.05istheapproximatedifferencebetweenmeansofallbreedgroupsrequiredforsignificance.
G F4 generationforscrotalcircumferenceonly.
h h2. heritability.
1 "p. phenotypicstandarddeviation.
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Table8-Breed group meansfor birthandsurvivaltraitsas traitsof dam-twoyearsold
Birth Birth Calving Survival
Breed weight date difficulty<! Birth 72hr Weaning
group Number (Ib) (Julian) (0/0) (0/0) (0/0) (0/0)
Overallmean 4,140 83.8 78 52.5 95.5 89.0 81.0
RedPoll 268 76.7 74 54.0 95.7 90.6 85.4
Hereford 242 74.5 84 49.1 93.2 86.2 74.3
Angus 433 69.4 75 31.8 93.0 86.2 81.4
Limousin 210 79.4 88 40.6 96.0 85.1 76.2
Braunvieh 287 93.3 80 73.8 98.2 90.8 81.0
Pinzgauer 250 92.4 74 62.1 95.2 88.9 82.3
Gelbvieh 321 88.4 79 60.5 93.6 88.1 79.2
Simmental 312 85.3 79 52.5 97.9 91.2 80.9
Charolais 261 88.4 78 48.6 98.0 92.8 82.8
Parentalbreedmean 83.1 79 52.6 95.6 88.9 80.4
h2e 19:i:.05 .08:f:.05 .14:f:.05 - .03:f:.04 .06:f:.05
cr' 10.5 11.5 46.1 20.3 31.1 38.5P
0.05" 3.3 3.3 13.2 5.1 8.0 9.9
MARC I F1b 167 88.4 77 55.5 95.4 89.8 82.1
F2&F3b 308 90.0 79 56.6 96.8 90.7 82.9
MARCil F1b 232 83.8 76 50.6 94.6 86.8 78.4
F2&F3b 393 85.8 75 57.1 95.1 87.8 83.1
MARC III F1b 192 80.9 72 46.2 95.1 89.5 84.4
F2&F3b 264 81.4 76 48.4 95.2 90.1 81.2
h2" .2H.07 .18:f:.07 .09:i:.06
cr' 11.3 11.5 47.7 21.0 30.1 37.5P
0.05< 3.7 3.7 14.9 5.8 9.1 11.2
" D.OSis theapproximatedifferencebetweenmeansofparentalbreedsrequiredlorsignificance.
b F1generationfemalesproducingF2generationprogenyandcombinedF2& F3generationfemalesproducingF3& F4 generationprogeny.
< D.OSis theapproximatedifferencebetweenmeansof allbreedgroupsrequiredlorsignificance.
d Percentagerequiringassistance.
" h2 _ heritability.
, "p _ phenotypicstandarddeviation.
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Table9-Breed group meansfor birthand survivaltraitsas traitsof dam- threeormoreyearsold
Birth Gestation Birth Calving Survival
Breed weight length date difficulty" Birth 72hr Weaning
group Number (Ib) (days) (Julian) ("!o) ("!o) ("!o) ("!o)
Overallmean 10,710 93.3 287 104 8.1 98.2 96.3 93.3
Red Poll 706 86.2 288 103 3.0 98.7 97.4 95.6
Hereford 818 81.1 288 107 5.1 97.6 95.7 93.9
Angus 1,133 76.3 283 99 .9 98.5 94.9 91.7
Limousin 871 88.6 289 109 7.2 98.3 96.6 93.2
Braunvieh 714 100.1 290 109 13.2 98.2 96.9 91.9
Pinzgauer 391 104.5 287 103 15.9 96.1 94.4 91.6
Gelbvieh 677 97.7 287 107 8.3 99.2 97.6 93.7
Simmental 671 97.0 287 106 14.4 97.0 93.4 88.1
Charolais 784 101.4 286 105 9.8 98.8 97.3 93.4
Paental breedmean 92.6 287 105 8.6 98.0 96.0 92.6
h " .33:t.05 .52:t.06 .2O:t.04 .12:t.03 .12:t.03 .04:t.03
at 10.8 4.4 9.1 26.8 12.0 18.5 26.2P
0.05" 2.4 1.6 2.8 5.1 2.0 2.8 4.0
MARC I F1b 828 98.1 287 106 8.2 97.2 96.2 93.3
F2&F3b 453 97.9 288 104 8.9 98.6 96.5 94.9
MARC II F1b 1,031 94.2 287 102 8.3 98.7 96.9 94.8
F2&F3b 662 93.3 287 104 9.3 98.8 96.5 93.8
MARC III F1b 664 91.5 287 103 3.3 98.9 98.1 96.0
F2&F3b 307 91.7 286 100 6.1 97.9 96.2 93.2
h2" .39:t.06 .74:t.09 .22:t.05
at 11.9 4.6 8.2 25.1 12.9 17.2 22.1P
D.05e 2.9 1.9 3.3 5.8 2.3 3.2 4.7
"D.05istheapproximatediff renceb tweenmeansofparentalbreedsrequiredforsignificance.
b F1generationfemalesproducingF2generationprogenyandcombinedF2&F3generationfemalesproducingF3&F4generationprogeny.
e D.05istheapproximatedifferencebetweenmeansofallbreedgroupsrequiredforsignificance.
d Percentager quiringassistance.
"h2 .heritability.
f"p .phenotypicstandarddeviation.
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Table1O-Breeclgroupmeansforbirthandsurvivaltraitsastraitsofdam-allages
Birth Birth Calving Survival
Breed weight date difficuttyd Birth 72hr Weaning
group Number (Ib) (Julian) (%) (%) (%) (%)
Overallmean 14,850 91.1 98 19.2 97.6 94.5 90.4
RedPoll 974 83.8 96 15.9 98.0 95.9 93.4
Hereford 1,060 79.4 101 16.5 96.6 93.3 89.2
Angus 1,566 74.7 93 8.8 97.2 92.8 89.3
Limousin 1,081 86.4 104 15.7 97.8 93.8 89.2
Braunvieh 1,001 98.6 102 28.5 98.3 95.5 89.3
Pinzgauer 641 101.9 96 27.4 96.0 92.9 89.0
Gelbvieh 998 95.2 100 21.5 97.9 95.3 90.4
Simmental 983 94.2 99 23.9 97.3 92.9 86.4
Charolais 1,045 98.1 98 19.5 98.7 96.3 90.9
Parentalbreedmean 90.2 99 19.7 97.5 94.3 89.7
h2" .22:t.03.1lli:.0213.2:t.02.03:!:.01.02:t.01.02:t.01
cr' 11.0 14.3 33.2 15.6 23.3 30.2P-
0.05" 2.2 2.4 5.8 2.2 3.2 4.2
MARCI F1b 995 95.9 98 19.5 97.0 94.7 90.8
F2&F3b 761 96.1 98 20.7 98.2 95.1 92.0
MARCil F1b 1,263 91.7 96 19.1 97.8 94.1 90.6
F2&F3b 1,055 91.7 96 21.0 97.9 94.5 91.4
MARCIII F1b 856 89.1 94 13.9 98.1 96.0 93.5
F2&F3b 571 89.3 94 16.7 97.3 94.7 90.3
h28 .14:!:.03.07:!:.02.08:!:.02
cr' 12.4 13.8 33.6 15.6 21.6 27.3
--.£
D.05e 2.6 2.7 6.6 2.5 3.7 4.8
"D.05is theapproximatedifferencebetweenmeansofparentalbreedsrequiredforsignificance.
b F1generationfemalesproducingF2generationprogenyandcombinedF2& F3generationfemalesproducingF3& F4 generation
progeny.
e D.05is theapproximatedifferencebetweenmeansofallbreedgroupsrequiredforsignificance.
d Percentagerequiringassistance.
" h2- heritability.
, "p - phenotypjcstandarddeviation.
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Table 11-Breed group meansfor reproductIonand maternaltraIts. twoyearsold
200-day
Calfcrop Calfcrop calfwtI 20O-day
Breed Pregnant born weaned femaleexpo calfwt
group Number (%)" (%)" (%)" (Ib)" (Ib)
Overallmean 6,535 77.3 74.4 60.6 284 463
Red Poll 436 81.0 77.0 66.2 286 432
Hereford 453 64.1 62.3 46.8 178 378
Angus 685 77.9 75.4 61.8 249 402
Limousin 474 54.7 53.0 41.8 179 427
Braunvieh 426 83.0 80.3 66.4 334 500
Pinzgauer 373 81.6 79.3 64.1 314 486
Gelbvieh 458 85.6 83.2 66.2 340 506
Simmental 477 82.4 81.2 66.0 331 498
Charolais 476 72.3 67.2 56.2 269 478
Parentalbreedmean 75.8 73.2 59.5 276 456
h2. .2O:t.04 .24::1:.04 .18::1:.04 .17::1:.04.32::1:.07
crp
41.6 44.4 48.0 221 48.0
D.05b 10.5 11.4 11.6 54.0 11.5
MARC I Ff 230 78.2 75.1 62.1 305 487
F2&F3C 551 86.3 83.5 69.0 336 486
MARCil F1c 331 73.9 71.3 56.7 269 472
F2&F3C 714 74.8 71.8 59.1 288 484
MARC III F1c 250 82.2 79.4 66.9 308 460
F2&F3C 501 81.6 74.7 60.5 275 451
h2' .24::1:.05.27::1:.06 .13::1:.05 .14::1:.05.19::1:.07
cr' 40.4 43.9 48.2 233 50.0P
D.05d 11.9 13.0 13.2 61.5 13.0
" Based on females exposed to breeding; pregnant ("!o)determined by rectal palpation.
b D.OSis theapproximatedifferencebetweenmeansofparentelbreedsrequiredforsignificance.
C F1generationfemalesproducingF2generationprogenyandcombinedF2&FafemalesproducingFa&F4generationprogeny.
d D.OSistheapproximatedifferencebetweenmeansofallbreedgroupsrequiredforsignifICanCe.
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Table12-Breedgroupmeansforreproductionandmaternaltraits-fiveor more
yearsold
200-day
Calfcrop Calfcrop calfwtJ 200-day
Breed Pregnant bom weaned femaleexpo calfwt
group Number (%)' (%)" (%)' (Ib)' (Ib)
Overallmean 7,920 90.8 87.4 83.0 438 528
RedPoll 607 89.6 86.1 84.2 411 489
Hereford 728 86.0 84.4 80.7 348 431
Angus 1,030 91.3 87.9 82.4 384 465
limousin 736 87.8 87.0 82.6 406 491
Braunvieh 599 90.6 88.4 84.2 476 566
Pinzgauer 188 90.5 87.4 79.3 445 565
Gelbvieh 328 88.5 85.6 82.6 474 571
Simmental 516 87.8 84.8 78.8 453 575
Charolais 569 90.8 89.7 85.2 477 560
Paentalbreedmean 89.2 86.8 82.2 430 523
h · .02:t.02 .08:t.04 .08:t.04 .1O:t.04 .34:t.06
af 31.5 39.2 42.1 219 51.4P-
D.05b 5.7 7.6 8.3 44.1 12.3
MARC I F1c 624 92.9 92.1 86.6 473 546
F2&F3C 202 95.2 92.5 88.6 484 546
MARCil F1c 820 93.3 90.7 85.3 448 523
F2&F3C 347 91.3 88.4 84.4 467 553
MARC III F1c 522 92.4 86.5 83.0 427 516
F2&F3C 104 94.4 80.8 77.4 406 525
h2. .03:t.03 .11:t.04 .1O:t.04 .08:t.04 .3O:t.07
at 26.0 31.8 36.2 204 57.9P-
D.05d 6.6 8.7 9.5 50.9 14.3
·Based on females exposed to breeding; pregnant (%) determined by rectal palpation.
bD.OSIs theapproximatedifferencebetweenmeansofparentalbreedsrequiredforsignificance.
c F1generationfemalesproducingF2generationprogenyandcombinedF2& Fa generationfemalesproducingFa & F4generationprogeny.
dD.cSIs theapproximatedifferencebetweenmeansofallbreedgroupsrequiredforsignificance.
- - ---
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Table 13-Breed group meansfor reproductionand maternaltraits-all ages
200-day
Calfcrop Calfcrop calfwtJ 200-day
Breed Pregnant bom weaned femaleexpo calfwt
group Number (%)" (%)" (%)" (Ib)" (Ib)
Overallmean 24,342 84.7 81.6 73.8 372 502
Red Poll 1,710 86.6 81.3 76.2 356 467
Hereford 1,835 78.9 76.3 68.2 280 407
Angus 2,763 84.6 81.0 72.6 320 439
Llmousin 1,958 74.8 73.4 66.0 306 461
Braunvieh 1,696 85.0 82.4 73.9 400 539
Pinzgauer 1,066 86.3 83.7 74.8 401 534
Gelbvieh 1,365 85.2 83.2 75.5 413 544
Simmental 1,718 83.1 80.8 70.0 382 544
Charolais 1,804 83.2 80.8 73.7 387 522
Pa2entalbreedmean
83.1 80.3 72.3 361 495
h " .06:1:.01 .09:1:.02 .07:1:.01 .07:1:.01
af 36.3 41.7 45. 223P
D.05b 4.6 5.5 5.0 28.2 8.4
MARC I F1c 1,281 88.7 86.7 78.8 414 522
F2&F3C 1,301 88.5 85.2 77.6 409 523
MARCil F1c 1,739 86.5 84.3 76.6 394 512
F2&F3C 1,825 84.0 81.5 73.8 389 523
MARC III F1c 1,202 89.6 84.8 79.2 395 497
F2&F3C 1,079 86.0 78.0 70.5 349 492
h2" .07:1:.02 .07:1:.02 .05:1:.02 .06:1:.02
af 33.2 37.9 42.3 220P
D.05d 5.3 6.2 5.7 32.2 9.7-
" Basedonfemalesexposedtobreeding;pregnant (%) determined by rectal palpation.
b D.OS Is the approximate difference between means of parental breeds required for significance.
C F, generationfemalesproducingF2generationprogenyandcombinedF2&F3generationfemalesproducingF3&F4generationprogeny.
d D.OS Is the approxlmete difference between means of all breed groups required for significance.
-- -- -
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Table 14-Breed group meansfor weight,heightandconditionscore-one yearold
Actual Adjusted
Breed weight weigh" Height Condition
group Number (Ib) (Ib) (In) scoreb
Overallmean 23,292 807 812 48.6 5.0
Red Poll 1,578 739 743 47.2 5.0
Hereford 1,575 712 694 45.7 5.7
Angus 2,211 743 730 46.1 5.6
Limousin 1,665 756 783 48.4 3.6
Braunvieh 1,488 842 862 50.0 4.6
Pinzgauer 957 831 847 49.6 4.6
Gelbvieh 1,254 851 864 50.0 4.8
Simmental 1,584 860 875 50.4 4.7
Charolais 1,665 866 880 50.0 4.7
h28 .65:t.04 .66:t.04 .65:t.04 .44:t.03
crt 70.0 65.5 1.4 .8P
0.05< 21.2 20.0 .4 .2
MARC I
F1,F2& F3 2,973 853 853 49.6 5.2
MARCil
F1,F2& F3 3,633 833 820 48.4 5.8
MARC III
F1,F2& F3 2,709 803 792 47.6 5.6
h2" .36:t.04 .39:t.04 .53:t.05 .31:t.04
crf 73.9 71.0 1.4 .8P
D.05d 26.0 23.2 .5 .3
8 Adjustedtoacommonconditionscore.
b 9. highest.1 . lowest.
<D.05is theapproximatedifferencebe1weenmeansof paren1albreedsrequiredforsignificance.
d D.05istheapproximatedifferencebe1weenmeansofallbreedgroupsrequiredforsignificance.
8 h2_ heri1abili1y.
f <Jp. phenotypicstandarddeviation.
-- --
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Table 15-Breed group meansfor weight,heightand conditionscore. twoyearsold
Actual Adjusted
Breed weight weight" Height Condition
group Number (Ib) (Ib) (in) scoreb
Overallmean 13,002 1,024 1,029 52.3 5.3
Red Poll 924 906 930 49.9 5.0
Hereford 714 944 910 49.0 6.0
Angus 1,320 933 924 48.5 5.6
Limousin 723 999 1,038 51.8 4.3
Braunvieh 903 1,052 1,080 52.6 4.8
Pinzgauer 753 1,025 1,047 52.0 5.0
Gelbvieh 879 1,069 1,078 53.2 5.3
Simmental 972 1,085 1,098 53.7 5.2
Carolais 945 1,146 1,146 53.3 5.5
h 8 .82:1:.06 .76:t.05 .7O:t.05 .39:t.04
af 91.0 81.4 1.4 .9P
D.05e 30.6 26.9 .4 .2-
MARC I
F1,F2& F3 1,518 1,069 1,071 52.1 5.4
MARCil
F1,F2& F3 1,797 1,041 1,019 51.4 6.0
MARC III
F1,F2& F3 1,554 1,019 1,005 50.5 5.8
h28 .57:t.06 .56:t.06 .57:t.06 .28:t.04
a' 97.4 89.5 1.5 .8P
D.05d 38.6 34.0 .6 .3-
8 Adjustedtoacommonconditionscore.
b 9. highest.1 . lowest.
e D.05is theapproximatedifferencebetweenmeans01parentalbreedsrequiredlorsignificance.
d D.05is theapproximatedifferencebetweenmeans01allbreedgroupsrequiredlorsignificance.
8 h2_ heritability.
f "p _ phenotypicstandarddeviation.
-- - - - - -- - -
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Table 1 reedgroupmeansforweight,heightandconditionscore.sixyearsold
Actual Adjusted
Breed weight weight" Height Condition
group Number (Ib) (Ib) (in) scoreb
Overallmean 4,455 1,301 1,287 52.5 5.7
Red Poll 339 1,200 1,188 51.2 5.8
Hereford 396 1,257 1,173 50.4 6.9
Angus 585 1,230 1,184 50.0 6.4
Limousin 390 1,261 1,294 52.8 4.5
Braunvieh 318 1,318 1,334 53.4 5.2
Pinzgauer 90 1,274 1,290 52.8 5.2
Gelbvieh 201 1,349 1,352 53.9 5.5
Simmental 273 1,341 1,349 54.3 5.3
Charolais 315 1,438 1,431 54.3 5.7
h2. 1.0CH:.09 .99:t.09 .83:t.08 .56:t.07
af 106.1 95.3 1.4 1.0P
D.05e 38.1 33.1 .5 .3
MARC I
F1,F2& F3 492 1,358 1,341 52.8 5.9
MARCil
F1,F2& F3 672 1,290 1,263 52.4 6.1
MARC III
F1,F2& F3 384 1,296 1,248 51.6 6.4
h2. .87:t.12 .84:t.12 .62:1:.10 .4CH:.08
af 120.8 111.7 1.5 .9P
D.05d 40.4 36.2 .6 .4
.Adjusted to a common conditionscore.
b 9. highest,1. lowest.
e D.05is theapproxima1edifferencebetweenmeansofparentalbreedsrequiredforsignificance.
d D.05is theapproxima1edifferencebetweenmeansofallbreedgroupsrequiredforsignificance.
· h2. heri1ability.
f "p. pheno1ypicstandarddeviation.
- -- --- -
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Table 17-8reed group meansfor weight,heightandconditionscore-twothrough
sevenor moreyearsold
Actual Adjusted
Breed weight weight' Height Condition
group Number (Ib) (Ib) (in) scoreb
Overallmean 49,251 1,210 1,208 52.4 5.5
h2
ap
RedPoll 3,447 1,098 1,105 50.8 5.4
Hereford 3,516 1,149 1,091 50.0 6.5
Angus 5,022 1,118 1,094 49.6 6.0
Limousin 3,822 1,175 1,213 52.4 4.4
Braunvieh 3,393 1,241 1,266 53.5 4.9
Pinzgauer 2,184 1,197 1,217 52.8 5.1
Gelbvieh 2,706 1,257 1,266 53.9 5.3
Simmental 3,258 1,261 1,272 54.3 5.3
Charolais 3,618 1,352 1,349 53.9 5.5
h28 .68:1:.04 .63:1:.04 .66:1:.04 .34:1:.02
at 105 94 1.4 .9P
D.05e 27.8 24.5 .4 .18
MARC I
F1,F2& F3 5,820 1,270 1,263 52.8 5.7
MARCil
F1,F2&F3 7,389 1,217 1,193 52.0 6.0
MARC III
F1,F2& F3 5,076 1,202 1,171 51.2 6.0
h2" .60:1:.05 .59:1:.05 .54:1:.05 .27:1:.03
at 114 105 1.6 .9P
D.05d 26.7 23.6 .4 .17
· Adjustedtoacommoncondition score.
b 9. highest.1. lowest.
e D.05is theapproximatedifferencebetweenmeansofparentalbreedsrequiredforsignificance.
d D.OSistheapproxima1edifferencebetweenmeansofallbreedgroupsrequiredforsignificance.
8 h2. heritability.
f 0p. pheno1ypicstandarddeviation.
----
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Table 18-Breed group meansfor 12.hrmilkyield,estimated2OD-daymilkyield and2OD-dayweight
Estimated Adjusted
12-hr 2DO-day 200-day 200-day
milk milk weightof weightof
Breed Number yield No. yield progeny progenyA
group observations (Ib) cows (Ib) (Ib) (Ib)
Overall mean 1,686 11.5 595 4,604 503 494
Red Poll 118 11.9 46 4,774 478 463
Hereford 122 6.7 45 2,774 408 459
Angus 125 9.3 48 3,735 454 472
Limousin 149 10.2 50 4,114 456 459
Braunvieh 147 14.2 52 5,680 558 520
Pinzgauer 156 12.9 52 5,173 531 505
Gelbvieh 150 12.7 51 5,120 545 520
Simmental 151 13.1 51 5,283 545 516
arolaiS 146 10.5 50 4,212 518 518
.62:1:.11 .39:1:.23 .1O:t.23
Of 2.6 816 44.0P
D.05b 1.3 531 28.4 24.2
MARC Ie 155 12.5 52 5,034 527 505
MARC lie 147 11.7 50 4,732 529 514
MARC lIIe 120 11.6 48 4,613 494 481
h2" .4O:t.16 - .67
Of 2.6 820 43.7P
D.05d 1.3 560 30.0 25.6
· Adjustedtoacommonestimated milk yield.
b 0.05is theapproximatedifferencebetweenmeansofparentalbreedsrequiredforsignificance.
e F2 generationfemalesnursingFa generationprogeny.
d 0.05 istheapproximatedifferencebetweenmeansofallbreedgroupsrequiredforsignificance.. .heritability.
t "p. phenotypicstandarddeviation.
